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(71) We, Applied Photophysics 
Limted, a British Company, of 20 Albe- 
marle Street, London, W.l* England and 
Michael Anthony West, a British Sub- 
5 ject, of Applied Photophysics Limited, 20 
Albemarle Street, London, W.l, England, 
do hereby declare the invention, for which 
we pray that a patent may be granted to 
us, and the method by which it is to be 
10 performed, to be particularly described in 
and by the following statement: — 

The present invention relates to methods 
and apparatus for curing materials by ultra- 
15 violet radiation. The invention is particu- 
larly applicable to the curing of materials, 
such as printing inks, roller coatings, var- 
nishings and other coating materials, which 
are formed as a coating on an object and 
20 cured while the object is mo\ing. 

For some time, conventional printing 
inks which were printed on metal and to a 
limited extent paper, etc. were cured by 
the use of thermal driers. More recent 
25 developments have used continuous mer- 
cury lamps emitting ultraviolet radiation 
to cure the inks. This curing is effected 
by polymerization and the inks require 
suitable photo initiators in the composition 
30 of the ink to cause polymerization in re- 
sponse to the ultraviolet radiation. How- 
ever, continuous mercury lamps have a 
number of limitations. For instance, the 
radiation emitted has a line spectrum so 
35 that the photo initiators used in the inks 
have to be selected so as to respond to the 
particular wavelengths in the mercury 
spectrum. Furthermore, the mercury 
lamps produce ozone which can be harrn- 
40 ful to people and materials in the environ- 
ment of the apparatus. Furthermore, the 
mercury lamps generate considerable heat 
and require a considerable amount of 
energy for their operation. 
45 It is an object of the present invention to 
provide an improved method and apparatus 
for curing materials, such as printing inks 
by ultraviolet radiation, the radiation being 



derived from one or more inert gas flash 
lamps. Such flash lamps can be operated 50 
by pulsed discharge to provide short dura- 
tion pulses of radiation with high peak in- 
tensity and a continuous emission spectrum 
in the ultraviolet region. 

The present invention provides a method 55 
of curing, by ultraviolet radiation, material 
such as for example a roller coating or 
printing ink, which is formed as a coating 
on a movable article, which method com- 
prises conveying a succession of articles 60 
bearing material to be cured past a curing 
station and irradiating the material with a 
short duration pulse of ultraviolet radiation 
at the station by operation of at least one 
inert gas flash lamp, the ultraviolet radi- 65 
ation being derived solely from one or more 
flash sources and the time of discharge of 
the or each lamp being synchronised in 
timed relationship with the arrival of an 
object at the curing station so that curing 70 
is effected while the objects are moving. 

In this way, the or each flash source 
operates at a rate determined by the rate 
of arrival of the objects at the curing 
station. 75 

Preferably the arrival of each article at 
the curing station is detected and used to 
generate a signal which in turn is used to 
control operation of the or each flash lamp. 
In this way, the or each flash lamp oper- 80 
ates only when an article arrives at the 
station. 

Preferably each article is detected before 
reaching the or each flash lamp and the 
signal generated by detection of the article 85 
is delayed by a predetermined amount 
before operating the or each flash lamp. 

Preferably the ultraviolet radiation is 
derived from one or more xenon flash 
lamps. The xenon flash lamps may be 90 
energised by a relatively low voltage, e.g. 
in the range 1 kv to 5 kv. 

The method may comprise moving the 
article bearing material to be cured past a 
source of ultraviolet radiation comprising 95 
solely two or more inert gas flash lamps and 



2 



irraJiatinc the notorial w:t' short duration 
puKcs of u!:ra\:Xc: nJiatvn by successive 
operation of the Rash lamps 
' Preferable in such an arrangement the 
5 flash lamps' arc arranged to be operated 
with a distinct interval between the end of 
one flash and the beginning of the next. 
Preferably the first and second flashes 
. have different durations and preferably 
10 different spectral properties. The first 
flash mav. in some cases, be arranged to 
be of loneer duration than the second flash. 

Conveniently the energisation voltage is 
stored in a capacitor charged by a D C. 
15 supplv. The DC. supply may be derived 
bv simple multiplication and rectification 
of a multiphase AC. voltage supply. 

Preferably the or each flash lamp is 
formed in a shape which conforms to the 
20 shape of the or each article on which the 
said material is coated. 

Preferablv the dimensions, internal gas 
pressure, operating voltage and other elec- 
trical parameters of the or each flash lamp 
25 are chosen to provide an emission spectrum 
which is the most suitable for the particu- 
lar material to be cured. . 

The invention includes passing an article 
throueh two or more curing stations in 
30 succession, additional material to be cured 
being applied to the article intermediate 
two "curine stations. 

The invention also includes apparatus 
for curine. bv ultraviolet radiation, material 
35 such as for "example printing ink which is 
formed as a coating on a movable article, 
which apparatus comprises a curing station 
having a source of ultraviolet radiation 
comprising solely one or more inert gas 
40 flash lamps, conveying means for convey- 
ing a succession of articles bearing material 
la be cured through said curing station, 
detector means arranged to detect the ar- 
rival of each article at said curing station 
45 and provide an output signal, and control 
means arranged to receive said output sig- 
nal and control the operation of the or 
each flash lamp in synchronism with the 
arrival of the objects at the curing station. 
50 The source of ultraviolet radiation may 
comprise solely two or more inert gas flash 
lamps, the control means being arranged 
to operate each flash lamp so that the lamps 
are operated in sequence when the materia) 
55 to be cured is adjacent the lamps. 

Preferablv the or each flash lamp com- 
prises a xenon flash lamp arranged to pro- 
vide a short duration high intensity pulse 
of radiation due to discharge of stored 
60 electrical energy. 

Preferablv the or each flash lamp is con- 
nected to an electrical energisation supply 
arranged to provide a relatively low volt- 
age between 1 kv and 5 kv. The voltage 
65 may be between 1 kv and 1 3 kv. 



The in\cntion includes apparatus lor 
applying printing ink to a succession of 
articles'in combination with apparatus for 
curing the printing ink as aforesaid. The 
apparatus may include one or more stations 70 
for applving printing ink each being fol- 
lowed bv a curing station whereby a plu- 
rality of ink coatings may be applied and 
cured in succession. 

Some embodiments of the invention will 75 
now be described by way of example and 
with reference to the accompanying draw- 
ings in which: — 

Figure 1 is a schematic side view of one 
roller coating apparatus in accordance with 80 
the present invention, 

Figure 2 is a block diagram showing in 
more detail some of the components used 
in Figure 1, m oc 

Figure 3 shows a view similar to Figure 85 
1 of a printing arrangement in accordance 
with the present invention, 

Figure 4 shows a modification of the ar- 
rangement shown in Figure 1 using two 
flash lamps at the curing station, 90 

Figure 5 shows a power supply for a flash 
lamp which may be used in the arrange- 
ments of Figures 1, 3 or 4, and 

Figure 6 shows an alternative power 
supply for a flash lamp used in the arrange- 95 
ments of Figures 1, 3 or 4. 

In Figure 1 an arrangement is shown 
which is suitable for applying a coating of 
photo polymer material to an article in 
sheet form and subsequently curing the 100 
material by irradiation with ultraviolet 
radiation. The example is particularly 
applicable to the application of roller coat- 
ings to metal, paper or plastic sheets or 
webs. In the particular arrangement shown 105 
a stack of metal or card sheets 1 1 is shown 
at the left-hand side of the drawing and the 
sheets are transferred by known sheet 
handling apparatus (not shown) so that the 
sheets pass onto a conveyor 12 and are 110 
conveyed at a uniform speed through a 
printing station 13 followed by a curing 
station 14. The conveyor 12 then unloads 
the metal sheets (by means not shown) into 
a collecting station 15. At the printing 115 
station 13, two co-operating rollers 16 and 

17 provide a pass through which the metal 
sheets are conveyed and the roller surfaces 
apply roller coating to the metal sheet on 
passing between the rollers. The curing 120 
station 14 is preceded by a sheet detector 

18 comprising a light source 19 and a light 
detector 20. When the leading edge of a 
sheet passes between the light source 19 
and detector 20, light received by the de- 125 
tector 20 is abruptly cut off and this pro- 
vides a Mgnal along line 21 which is fed to 

a control unit 23 within the curing station 
14. The station 14 also includes one pulsed 
xenon discharge lamp 22 connected to the 130 
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control i.r-.it i; c :^:-t rr .* 

to pr;»-.:Jc a 0;. :: ,:^r u :..V. : •'\\-:\>a\ 
puKc h\ rap:J J-scfurge .if ^ :cv! c\v- 
ticity. This is expiated n.-re wul; 
5 reference to Figure 2. The Jlash radi- 
ation from the Ijmp 22 pn«\:Jc< a con- 
tinuous emission spectrum 1:1 the ultra- 
violet region. The lamp and its control cir- 
cuit are arranged to provide sufficient 
10 energy in the correct wavelength region to 
activate the photo initiator Fn the~ photo 
polymer coating material so that the roller 
coating is cured on passing through the 
curing station 14. The sheets leaving the 
15 station 14 pass into the collector unit 15 
with roller coating which has been suitably 
dried. Some of the components used in 
the curing station of Figure 1 are shown 
more fully in Figure 2. 
20 The sheet 1 1 carrying the roller coating 
to be dried passes between the light source 
19 which in this case consists of a light 
emitting diode and the detector 20 which 
consists of a light activated switch of 
25 known type. The switch 20 is connected 
to a positive D C. source 24. The output 
from the switch 20 is fed along line 27 
through a time delay generator 28'and pulse 
shaping monostable circuit 29 to the gate 
30 electrode of a thyristor 30. The thvristor 
is connected b etween a 300 volt positive 
supply 31 and earth. A capacitor 32 takes 
a signal from a point between the thyristor 
30 and the supply 31, and the output from 
35 capacitor 32 discharges through the pri- 
mary of a high voltage trigger Transformer 
33. The secondary output of the trans- 
former is supplied to a spark gap device 34 
connected between one terminal of the flash 
40 lamp 22 and an earth connection 35. The 
other terminal of the lamp 22 is connected 
to a discharge capacitor 36 and a high volt- 
age power supply 37 arranged to charge the 
capacitor. When no object II is between 
45 the light emitting diode 19 and switch 20, 
the spark gap 34 is not triggered so that the 
discharge capacitor 36 is charged up from 
the power supply 37 without operation of 
the flash lamp 22. However, when an ob- 
50 ject interrupts the light incident nn the 
switch 20. an output signal is fed along line 
27 which causes a pufse to be fed to the 
spark gap 34 thereby triggering the spark 
gap to cause discharge of the capacitor 36 
55 through the flash lamp 22. This causes a 
shor; duration high intensity radiation pulse 
from the lamp 22 and the variable dclav 
introduced by the generator 28 is suitably 
matched to the operating times of the other 
60 electrical components to result in the radi- 
ation flash from the lamp 22 coinciding with 
arrival of the article 11 in the curing station 
14 adjacent the lamp 22. In this wav, the 
lamp 22 is not operated unless an object 1 1 
65 arrives at the curing station and the rate of 



i»pcr.iti..n .■: ; jmp 22 is determined bv 
the laic »«f ^n.al of i>!>i- L *t\ at the curing 
station. 

With ^regard to the high voltage power 
supply 37. thiN is arranged to provide a 70 
DC. voltage in the range 1 kv to 5 kv. In 
order to avoid a conventional high voltage 
D C power supply, it is preferable to use 
for the supply 37 a three-phase AC. supply, 
each phase providing 440 volts, together 75 
with means for multiplying, e.g. doubling, 
tripling or quadrupling the voltage and volt- 
age rectification to achieve the desired DC 
voltage level. 

Figure 3 shows an arrangement used for 80 
printing more than one colour onto a suc- 
cession of metal or non-metal sheets. 
Parts similar to those already described 
with reference to Figure 1 are marked with 
the same reference numerals. In this case, 85 
the apparatus includes two successive print- 
ing stations 13a and 136 followed by re- 
spective curing stations 14a and 146. In 
this way, a first colour ink is applied at the 
printing station 13a and subsequently dried 90 
by the curing station 14a. A second ink 
is then applied at printing station 136 and 
dried at curing station 146 before passing 
to the collecting unit 15. In this particu- 
lar example, each printing station is shown 95 
as an off-set printing machine. 

In Figures 1 and 3 each curing station 
includes only one flash lamp 22. How- 
ever two or more flash lamps may be used 
at each curing station although no non- 100 
flash sources of ultraviolet radiation arc in- 
cluded in a curing station. Figure 4 shows 
a modification of the arrangement of 
Figure 1 using two flash ;amps 22a and 226 
at the same curing station. Similar refer- 105 
ence numerals have been used for parts 
similar to those in Figure 1. In this case, 
the coating station has two flash lamps 22a 
and 226 spaced apart along the direction of 
travel of the article and arranged to pro- 110 
vide flashes of different durations and differ- 
ent spectral properties. The two lamps are 
surrounded by respective housings 14a and 
146 which are separated from each other. 
Each lamp is of the same general type as 115 
already described with reference to Figure 
1 although the lamps may in this case be 
from six inches to four feet long and may 
be operated by voltages from 1 kv to 25 kv. 

The lamp 22a which is located at an up- 120 
stream position and is operated first may 
have a longer flash duration which may be 
of the order of 100 to 1000 mciroseconds. 
The downstream lamp 226 which is oper- 
ated after a time interval may have a 125 
shorter flash duration which may be of the 
order of 10 to 800 microseconds. The 
interval between termination of the first 
flash and initiation of the second flash may 
be of the order of 1 millisecond up to 10 130 



4 



4 



seconds. Ljmp 22j wh:ch in operated first 
is arranged to operate vuth a lower black 
body temperature so that more infrared 
and less ultraviolet radiation in emitted than 
5 is the case with the flash lamp 22b which 
follow. 

The two flash lamps 22j and 22b a^c 
operated from a common control circuit 
23 incorporating a suitable delay mechan- 

10 ism for firing the second lamp 22b. The 
extent of delay is preferably variable by an 
adjustable control in the control circuit. 
The control circuit may be similar to that 
of Figure 2 in that the arrival of an object 

15 can be detected by the common switch 20. 
The delay generator 28 may be arranged 
to provide two output signals each having 
a different and adjustable delay. The two 
output signals can then be fed to two separ- 

20 ate firing circuits similar to that of Figure 
2, each firing circuit being associated with 
one of the lamps. In this way, both flash 
lamps are synchronised with the arrival of 
one object and from then onwards the flash 

25 lamps are operated at timed intervals which 
are arranged to suit the curing operation. 

Figure 5 shows an alternative power 
supply and triggering system for a flash 
lamp'and may be used for the single lamp 

30 22 or for either of the lamps 22a or 22b. 
In this case, the power supply system 37, 
which may be the same as previously de- 
scribed with reference to Figure 2, is con- 
nected across the discharge capacitor 36 

35 via a resistor 38. The capacitor 36 is con- 
nected across the main terminals of the 
flash lamp 22 via an inductance 39. The 
lamp 22 is surrounded by an external ion- 
izing coil 40 which is wrapped around the 

40 lamp. The coil 40 is connected through a 
centre tapped transformer 41 to an external 
trigger supply terminal 42. When a suit- 
able trigger pulse is supplied from the ter- 
minal 42, the resultant ionizing current in 

45 the coil 40 causes rapid discharge of the 
capacitor 36 through the lamp. 

An alternative power supply for any one 
of the flash lamps which provides greater 
light output per flash and a longer lamp life 

50 is shown in Figure 6. In this case,; the 
capacitor 36 is charged through a resistor 

38 by the power supply 37. To produce a 
light' flash, the capacitor 36 is discharged 
through the inductance 39 and through 

55 the lamp 22. In this case a spark gap 44 
is connected in series with the inductance 

39 and the trigger electrode 45 of the spark 
gap 44 is arranged to receive signals indi- 
cating the arrival of an object at the cur- 

60 mg station. The coil 40 surrounding the 
lamp 22 is connected through a transformer 
46 to a pulse generator 47 which is used to 
cause initial ionization of the lamp by an 
external trigger source. In this arrange- 

65 ment shown in Figure 6 f the lamp 22 is also 



connected across a D C. power supply 48 
which causes a steady low power DC. dis- 
charge through the lamp in the intervals 
between the rapid discharge rising flashes. 
This steady prc-ionization caused by the 70 
D.C. power supply 48 causes a greater light 
output per flash from the lamp 22 for a 
given energy discharge through the lamp 
and it also gives longer lamp life. As an 
alternative to the arrangement shown in 75 
Figure 6, the steady pre-ionization caused 
by low power D.C. discharge may be 
achieved in other ways. Instead of using 
the D.C. supply 48 in series with the lamp 
22 it is possible to use an external ionizing 80 
coil wrapped around the lamp or alterna- 
tively an ultraviolet lamp may be arranged 
to shine onto the flash lamp thereby pro- 
ducing a steady low ionization state within 
the lamp 22. 85 

Although the above examples have re- 
ferred to the use of xenon filled flash lamps, 
other inert gases may be used. The lamp 
dimensions, gas pressure, flash duration, 
operating voltage and other electrical para- 90 
meters are chosen to give an emission spec- 
trum which is the most suitable for the 
particular materials being cured. In one 
example suitable for use in the arrange- 
ment of Figure I, a cylindrical linear lamp 95 
with inert electrodes is mounted in a semi- 
cylindrical reflector. The lamp may be six 
to nine inches long having a bore of J inch 
to i inch. The lamp is operated between 
1 kv and 3 kv with output energies of 200 100 
to 500 Joules per lamp. The gas filling the 
lamp may be at one to ten millimetres of 
mercury pressure and the gas used may be 
xenon, or krypton or a xenon/krypton mix- 
ture or a xenon/hydrogen mixture. 105 

The invention is not limited to the de- 
tails of the foregoing examples. For in- 
stance, the lamp shape can be varied and 
made to conform to the shape of the ob- 
jects carrying the ink to be dried. For in- 1 10 
stance, when curing ink on cylindrical metal 
objects, helical lamps may be used to cure 
the ink on the exterior of the cylindrical 
object and a linear cylindrical lamp may be 
used to cure ink on the interior of the ob- 115 
ject. When more than one lamp is used at 
a curing station, the lamps at the station 
may be fired simultaneously. 

One or more of the lamps may be used 
in the simmer mode. In that case, a con- 120 
tinuous or pulsed low current discharge is 
passed through the lamp to pre-ionize the 
gas filling. This results in low level of light 
emission and the main flash is still obtained 
by discharge of the capacitor through the 125 
lamp. Use of the simmer mode as the 
advantages of higher ultraviolet output and 
longer lamp life. 

In this specification, the term flash source 
means a source of ultraviolet rediation 130 
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uhich emits effective radiation (that is of 
sufficient intensity to effect curing) onlv in 
short duration pulses. In between the 
effective pulses of radiation the flash source 
5 may emit a low level of continuous or 
pulsed emission which is not sufficient to 
effect curing, such as for example when 
operated in a simmer mode. 

10 WHAT WE CLAIM IS: - 

I. A method of curing, by ultraviolet 
radiation, material such as for example a 
roller coating or printing ink. which is 
formed as a coating on movable article, 

15 which method comprises conveying a suc- 
cession of articles bearing material to be 
cured past a curing station and irradiating 
the material with a short duration pulse of 
ultraviolet radiation at the station by oper- 

20 ation of at least one inert gas flash lamp, 
the ultraviolet radiation being derived solely 
from one or more flash sources and the time 
of discharge of the or each lamp being syn- 
chronised in timed relationship with the 

25 arrival of an object at the curing station so 
that curing is effected while the objects 
are moving. 

2. A method according to Claim I 
wherein the arrival of each article at the 

30 curing station is detected and used to gener- 
ate a signal which in turn is used to control 
operation of the or each flash lamp. 

3. A method according to Claim 2 
wherein each article is detected before 

35 reaching the or each flash lamp and the 
signal generated by detection of the article 
is delayed by a predetermined amount 
before operating the or each flash lamp. 

4. A method according to any one of 
40 Claims 1 to 3 wherein ultraviolet radiation 

is derived from one or more xenon flash 
lamps. 

5. A method according to any one of 
Claims 1 to 4 wherein the article is moved 

45 past a source of ultraviolet radiation com- 
prising solely two or more inert flash lamps, 
and the material to be cured is irradiated 
with short duration pulses of ultraviolet 
radiation by successive operation of the 

50 flash lamps. 

6. A method according to Claim 5 
wherein the flash lamps are operated with 
a distinct interval between the end of one 
flash and the beginning of the next. 

55 7. A method according *o Claim 6 
wherein the first and second flashes have 
different durations. 

8. A method according to Gaim 6 or 
Gaim 7 wherein the first and second flashes 
have different spectral properties. 

9. A method according to any one of 
the preceding claims wherein the or each 
flash lamp is energised by charging a capa- 



citor by multiplication and rectification uf 

a multi-phase A C. voltage supply and then 65 

discharging the capacitor. 

10. A method according to any one of 
the preceding claims in which the article is 
passed through two or more curing stations 
in succession, additional materia! to be 70 
cured being applied to the article inter- 
mediate two curing stations. 

I I. Apparatus for curing, by ultraviolet 
radiation, material such as for example 
printing ink which is formed as a coating 75 
on a movable article, which apparatus com- 
prises a curing station having a source of 
ultraviolet radiation comprising solely one 
or more inert gas flash lamps, conveying 
means for conveying a succession of articles 80 
bearing material to be cured through said 
curing station, detector means arranged to 
detect the arrival of each article at said 
curing station and provide an output sig- 
nal, and control means arranged to receive 85 
said output signal and control the operation 
of the or each flash lamp in synchronise 
with the arrival of the objects at the curing 
station. 

12. Apparatus according to Gaim 11 90 
wherein the source of ultraviolet radiation 
comprises solely two or more inert gas 
flash lamps, the control means being ar- 
ranged to operate each flash lamp so that 

the lamps are operated in sequence when 95 
the material to be cured is adjacent the 
lamps. 

13. Apparatus according to Gaim II or 
Gaim 12 wherein the or each flash lamp 
comprises a xenon flash lamp arranged to 100 
provide a short duration high intensity pulse 

of radiation due to discharge of stored elec- 
trical energy. 

14. Apparatus according to any one of 
Claims 11 to 13 wherein the or each flash 105 
lamp is connected to an electrical energis- 
ation supply arranged to provide a rela- 
tively low voltage between 1 lev and 5 kv. 

15. Apparatus according to any one of 
Claims 11 to 14 wherein the or each flash 110 
lamp is formed in a shape which conforms 

to the shape of the or each article on which 
the said material is coated. 

16. Apparatus according to any one of 
Claims 11 to 15 in combination with means 115 
for applying ink or coating material to the 
article. 

17. Apparatus according to any one of 
the preceding claims in which one or mere 

of the lamps is operated in the simmer 120 
mode. 

18. A method of curing printing ink or 
roller coating on an article, which method 
is substantially as hereinbefore described 
with reference to any one of the accom- 125 
panying drawings. 
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19. Apparatus for cunng printing ink P iF?\&#g ARRER 

or roOer Sating on an article, which appar- P ^SStS3 JTient Awntt 
atus is substantially as hereinbefore dt- l2S 
scribed with reference to any one of ue U^nd^n WC2A1KT. 

5 accompanying drawings. 

Prints for Her Majesty's Stationery Office by Bun- * Son < A *°^^r™°- 
Published at The Patent Office. 25 Southampton Buildings. London. WC2A I AY, 
from which copies may be obtained. 
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